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The environmental problems we face today are
multifold and complex. The emission of pollutants
in the atmosphere, the discharge of effluents in
lakes and rivers, the disposal of hazardous materi-
als in ecosystems, and the use ofpesticides on crops
and food products are serious problems that are not
yet fully understood. More recently, the industrial-
ly advanced nations ofthe world have been confron-
ted with the critical environmental issue of toxic
waste products management. The most pressing
requirement today is to identify and assess the
toxicity of these substances, particularly their car-
cinogenic and mutagenic effects. Our modern soci-
ety has introduced vast numbers oftoxic substances
into the environment. The American Chemical
Society has listed more than four million different
chemical compounds; thousands more are being
made each year; 70,000 are in common use, pro-
duced and distributed by some 115,000 industries
and firms. Billions ofgallons of industrial effluents
are discharged to our lakes, rivers, and oceans each
year. In 1977, 190 million tons of criteria air
pollutants were emitted in the atmosphere; this
quantity does not include the otherunregulated and
potentially hazardous particles, gases and aerosols
emitted by industrial and energy-related processes
each year. And, with solid waste, again we are
faced with several billion tons of unwanted
materials-some harmful, some innocuous-that
are disposed of, legally and illegally, each year.
The regulatory initiative to clean up the envi-
ronment began slowly in the 1960's with the pas-
sage of five different pieces of environmental
legislation addressingthe problems ofairand water
pollution. The earliest regulation to control human
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exposure to carcinogens was the Delaney Amend-
ment to the Food, Drug, and Cosmetic Act which
prohibited the introduction into food additives that
had been found to induce cancer in animals or man.
The 1970's saw the passage ofa number ofcompre-
hensive environmental laws and extensive amend-
ments to earlier regulations. Today, there are 42
major Federal legislative acts that have been
passed with the expressed purpose of controlling
the hazardous/toxic substances released into our
environment.
Since 1970, the primary responsibility for the
control ofenvironmental pollutants has rested with
the Environmental Protection Agency. Creation of
EPA consolidated the environmental activities of
the federal government into a single agency with
far-reaching legislative authority to control air and
water pollution, including the effects of noise,
radiation, and toxic substances. EPA's responsibili-
ties are not all-encompassing however, and a num-
ber of Federal and, in some instances, state
organizations have responsibilities that require con-
sideration of environmental contaminants. Regul-
atory emphasis has shifted from the control of
traditional pollutants to more hazardous/toxic pollu-
tants. One ofthe highest priorities ofEPA research
today-and, indeed of most environmental organ-
izations-is the identification and assessment of
toxic substances.
Efforts have been made in the last several years
to coordinate the research and regulatory activities
of the Federal agencies that have responsibilities
for controlling hazardous materials. These agencies
include the EPA, the Food and Drug Administra-
tion, the Occupational Safety and Health Adminis-
tration, the Consumer Product Safety Commission,
and the Food Safety and Quality Service. The Toxic
Substances Strategy Committee Group, formed in
1977, and the Regulatory Council, established by
President Carter in 1978, are two groups that have
1been formed to promote and improve coordination
of regulatory activities and to reduce or eliminate
duplication ofscientific studies. Anotherjoint effort
is the Interagency Regulatory Liaison Group which
includes EPA, CP, FDA, and OSHA and has
established a series of work groups to deal with
many of the regulatory and research issues in an
effort to better coordinate carcinogen regulatory
programs.
The focus of the government's efforts in toxic
substances research and control is, of course, to
limit the exposure ofpeopleto chemicals potentially
harmful to human health, including cancer-causing
substances. To accomplish this objective, the re-
gulatory agencies must determine whether a chem-
ical may cause cancer, assess the risk of cancer to
humans, establish regulatory priorities, and then
undertake regulatory activities. The technical and
economic feasibility of control, the availability of
less hazardous substitutes, and cost-benefit analy-
ses are other considerations that play important
roles in regulatory actions.
The methods in use or under development to
determine whether a substance can cause cancer
include the traditional epidemiological studies and
animal bioassays, as well as short-term testing to
help establish priorities for the investment of
limited research facilities and funding. The pollen
systems to be discussed at this workshop are
representative of the exciting developments that
are being made with short-term test procedures.
Regulatory decisions have been and, probably will
continue in the foreseeable future, to be based on
the results of epidemiological and animal studies.
The "suggestive" evidence presented by short-term
screening processes will, however, help to support
regulatory actions dealing with groups of sub-
stances having similar chemical or biological prop-
erties.
A substantial number of genotoxins, including
cancer-causing chemicals, has already been iden-
tified. Regulatory priorities are generally assigned
to substances for which there is substantial evi-
dence that the substance will cause cancer in man,
principally as determined by epidemiological data
or animal tests. Priority is also given to regulating
substances when there is reason to believe that the
level of human exposure or risk is high or if the
exposed population is large. The potential for
alleviating other environmental effects, other than
cancer, and evidence that the social and economic
costs of control will be small also lend priority to
regulatory decisions.
Much of the effort to coordinate carcinogen
policies has focused on the scientific issues involved
in testing carcinogenic substances and assessing
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carcinogenic risk. Efforts to promote quality test-
ing and consistency have also been initiated. The
Interagency Regulatory Liaison Group is currently
developing a set of testing standards that will be
accepted by the memberagencies; this effort should
preclude the possibility ofdifferent agencies requir-
ing slightly different test procedures to be used for
their specific regulatory programs. Similar efforts
are being made to ensure that qualitative assess-
ments of risk are consistent.
Until recently, environmental monitoring meth-
odologies have been limited to physical and chemi-
cal characteization ofspecific pollutants. Refinement
in bioevaluation techniques has revealed that chem-
ical analysis alone is not sufficient to identify the
potentially toxic chemicals. Moreover, since people
are not exposed to single chemicals but to complex
environmental mixtures, it is important that we
develop and implement test systems that can effec-
tively evaluate the effects not only of single com-
pounds but of the interactive effects of complex
chemical mixtures.
Particular attention and considerable resources
have been devoted to the research and develop-
ment of short-term tests over the last several
years. This allocation ofresources has reflected our
recognition of the limitations of whole animal and
epidemiological studies. As a rapid, effective, and
inexpensive means to identify the impact of toxic
substances, short-term testing can play a critical
role in monitoring the environmental media for
presumptive health hazards. By efficiently using
short-term bioassays and through the deyelopment
of approaches that combine the use of various
bioassay systems, we can screen large numbers of
potentially harmful compounds in a systematic and
effective manner.
The past few years have seen great strides in the
short-term bioassay field, marked by an increase in
the application and utilization of short-term proce-
dures and by the validation of these bioassays. In
spite oftheir suitability as environmental monitor-
ingtools green plants have not been the beneficiary
of the boom in bioassay development and utiliza-
tion. However, as this workshop will reveal, con-
siderable effort is now being made to establish
plant systems as valid monitoring and screening
mechanisms for mutagens. There are currently
about a dozen reliable plant genetic systems that
canincrease the scope and effectiveness ofchemical
and physical mutagen screening and monitoring
procedures. The advantages of plant systems are
numerous:
* Planttissue ismuch morecomplex than bacter-
ia and, as such, is more similar to that ofman.
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transform promutagens into mutagens.
* Researchers enjoy the same numerical advan-
tages with pollen systems. that have proven so
beneficial with the microbial tests, i.e., scoring
of mutation events on a per-million-cell basis.
* Hereditary effects can be studied by growing
plants from germ cells such as exposed pollen
grains.
* Qualitative extrapolation of pollen bioassays
appears to be no worse than has been achieved
with bacteria.
* Plants are easy and inexpensive to culture and
can exhibit numerous genetic and chromosomal
changes for determining the effects of muta-
gens.
* And, finally, plants offer unique potentials for
use as on-site monitors for mutagenic pollu-
tants in the atmosphere.
Plants can be used as in situ monitors to identify
both the acute and the chronic effects of environ-
mental contaminants. The United States Environ-
mental Protection Agency has used a few plants
systems, such as the Trasdescantia stamen hair, to
evaluate the quality ofambient air in several cities
in the United States. Also plant bioassays, includ-
ing the Trasdescantia micronucleus, waxy maize,
and Arabidopsis are being validated for potential
use in environmental monitoring.
In conclusion, I would like to say that plant
systems will be very important to future assess-
ment research efforts, particularly since they can
be used on site to provide an indication of the
potential damage of ambient conditions in air and
water, and since they can provide a relatively
inexpensive way to study the chronic effects of
pollution.
Effective regulation requires that we first com-
plete the task of identifying, qualitatively and
quantitatively, the harmful health and ecological
effects associated with environmental agents. Plant
systems will complement our efforts in this direc-
tion by providing, in comparison with other short
term test systems, results that may be more
extrapolatable to man.
Recognition of the magnitude of the problem is
but a small first step toward the development of
environmental regulation required by legislation.
The overwhelming task confronting us now is to
play "catch-up." We must develop effective, ef-
ficient, and economical ways to identify the chemi-
cals as they appear in emissions, effluents, or
ambient environmental media.
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